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(54) Single piece catheter hub and strain relief that can be injection molded over a shaft 



(57) Medical vascular catheters adapted to be 
inserted into a blood vessel from an incision through the 
skin of a patient for introducing other devices or fluids 
for diagnostic or therapeutic purposes into the patient's 
vasculature and manufacturing methods are disclosed. 
The catheters 1 0 have a unitary catheter hub and strain 
relief 60 formed at the proximal end of the catheter body 
15 for attachment to other apparatus and for inhibiting 
kinking of the catheter body. The unitary catheter hub 
and strain relief is formed of a proximal hub portion and 



105 



a distal strain relief coil surrounding the catheter body in 
a catheter hub/body junction 70. The distal strain relief 
coil is shaped as a distally tapered, single coil 65 to pro- 
vide distally increasing flexibility and uniform bending 
characteristics in 360° around the circumference of the 
catheter body received within the within the strain relief 
coil lumen. The strain relief coil is optionally formed with 
blends of materials selected to distally increase the dis- 
tal strain relief bending flexibility. 
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Description 

[0001 ] The present invention relates to medical vascu- 
lar catheters adapted to be inserted into a blood vessel 
from an incision through the skin of a patient for intro- 
ducing other devices or fluids for diagnostic or therapeu- 
tic purposes. More particularly, the present invention is 
directed to a unitary catheter hub and strain relief 
formed at the proximal end of the catheter body for 
attachment to other apparatus and for inhibiting kinking 
of the catheter body and a method of manufacture and 
attachment of the catheter hub and strain relief to the 
catheter body. Medical vascular catheters are particu- 
larly designed and available for a wide variety of pur- 
poses, including diagnosis, interventional therapy, drug 
delivery, drainage, perfusion, and the like. Medical vas- 
cular catheters for each of these purposes can be intro- 
duced to numerous target sites within a patient's body 
by guiding the catheter through an incision made in the 
patient's skin and a blood vessel and then through the 
vascular system to the target site 
[0002] Medical vascular catheters generally comprise 
an elongate, flexible catheter tube or body with a cathe- 
ter side wall enclosing a catheter lumen extending 
between a catheter body proximal end coupled to a rel- 
atively more rigid catheter hub to a catheter body distal 
end. The catheter body may be relatively straight or 
inherently curved or curved by insertion of a curved stiff- 
ening wire or guide wire through the catheter lumen. 
The catheter body and catheter side wall are typically 
fabricated and dimensioned to minimize the catheter 
body outer diameter and side wall thickness and to 
maximize the catheter lumen diameter while retaining 
sufficient side wail flexibility and strength characteristics 
to enable the catheter to be used for the intended med- 
ical purpose. 

[0003] The catheter hub functions as a connector to 
allow quick connection of a syringe or the like with the 
catheter lumen. The catheter body distal end may be 
formed with one or more side wall openings formed in a 
segment typically adjacent the catheter body distal end 
and/or with a distal end opening axially aligned with the 
catheter body. Or the catheter body may additionally or 
alternatively have further structure formed on the cathe- 
ter body side wall, e.g., an expandable balloon for dila- 
tation of a blood vessel or installation of an expandable 
stent or graft, or a sensor, or a therapeutic or diagnostic 
device. Moreover, the catheter body may include two or 
more catheter lumens communicating with access ports 
formed in or extending from the catheter hub to such 
opening(s) or structure(s) 

[0004] Often much manipulation is required to guide 
such catheters through the incision and/or introducer 
lumen and then through the vascular system to the tar- 
get site in the body to effect the medical procedure. This 
manipulation is effected by grasping the catheter body 
and/or the catheter hub extending outside the body and 
pushing and twisting it to advance the catheter body dis- 



tal end through twists and turns of the blood vessel. This 
manipulation strains and stresses the catheter body, 
particularly at the catheter body proximal end where the 
relatively flexible and thin catheter side wall exits from a 

5 hub lumen. 

[0005] Further, the introduction of the vascular cathe- 
ter into the vascular system may not be the time at 
which the greatest strain is placed on the catheter 
hub/body junction. Often, after the catheter body is fully 

10 advanced to the target site, the healthcare provider will 
raise the catheter hub away from the patient's skin in 
order to insert a smaller catheter or guide wire or the 
like or a syringe into the hub lumen proximal end open- 
ing or to connect a further device to the hub fitting. This 

15 raising of the catheter hub places a large bending strain 
on the catheter hub/body junction, and the catheter 
body can bend sufficiently to buckle or kink in this area 
as a result. Or, in a chronic implantation, such kinking 
can occur at the catheter hub/body junction when the 

20 patient rolls over in bed. 

[0006] In one approach, the hoop strength of the cath- 
eter body is maximized at least in a proximal segment 
thereof. However, this approach stiffens the catheter 
body and can require a reduction in the catheter lumen 

25 diameter. If the full length of the catheter body is stiff- 
ened to make it more resistant to kinking, then the stiff- 
ness can make the catheter body less manoeuverable, 
particularly in tortuous pathways and through small 
blood vessels and can cause damage to the vessel 

30 walls. A great deal of effort has been expended in devel- 
oping catheter side walls trading off factors of hoop 
strength, flexibility, catheter body outside diameter, side 
wall thickness, etc., that affect flexibility, column 
strength, and manoeuverability, and still resist catheter 

35 body kinking and minimize damage to blood vessel 
walls. For example, as described in U.S. Pat. No. 
5,066,285, the tubular sheath of a catheter sheath intro- 
ducer is made of expanded, fibrous polytetraf luoroethyl- 
ene (PTFE) so as to produce a more flexible sheath 

40 having a high hoop strength that allegedly resists kink- 
ing. In U.S. Patent No. 3,618.613, related to a drainage 
catheter not intended to be inserted through a Wood 
vessel, the tube side wall is reinforced by an embedded 
wire spring coil. Similarly, uses of embedded wire spring 

45 coils to reinforce a medical vascular catheter are dis- 
closed in U.S. Patent Nos. 4,634,342 and 4,705,511. 
These reinforced catheter sheaths are helpful in situa- 
tions where the advancement causes the strain, such 
as when introducing the catheter through scar tissue. 

so Specialized catheter bodies fabricated to solve the ten- 
dency of the catheter body to kink at the catheter 
hub/body junction are often more difficult to produce 
and costly to manufacture than uniform catheter bodies. 
[0007] Despite these efforts, a strain relief is usually 

55 incorporated into the catheter hub/body junction in an 
effort to prevent such kinking of the catheter side wall 
during installation and use as shown, for example, in 
U.S. Patent No. 5,599,325. Strain reliefs are traditionally 
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formed of a bridging material thai is more flexible than 
the catheter hub and less flexible than the catheter body 
and surrounds a proximal segment of the catheter body 
to reinforce it The strain relief is typically attached at the 
proximal strain relief end to the catheter hub and 5 
extends along the proximal catheter body segment to a 
distal strain relief end. The object of the strain relief is to 
prevent concentration of the bending forces at the cath- 
eter hub/body junction by resisting and dissipating 
applied bending forces along the length of the strain 
relief, and thereby prevent collapse of the catheter side 
wall and kinking of the catheter body. The strain relief 
thereby functions to "relieve" the strain at the catheter 
hutVbody junction by spreading bending forces along a 
larger length of the catheter body. 
[0008] The bending force and kinking problems are 
described in U.S. Patent Nos. 5,167,647, 5,330.449, 
and 5,380,301 for example.and addressed by use of 
tubular sheath strain reliefs surrounding and extending 
distally from the catheter hubs. In the '301 patent, the 
strain relief is incorporated with a locking mechanism 
that is alleged to reduce or eliminate any tendency of 
the release of the catheter hub from the catheter body 
proximal end due to excessive force applied axially 
between them. Similar tubular strain reliefs are dis- 
closed in U.S. Patent No. 5,507,732 and in the above- 
referenced 325 patent. The tubular sheath strain relief 
may be tapered from the proximal strain relief end to the 
distal strain relief end to increase flexibility distally. 
[0009] Alternatively, the use of coil springs having a 
spring lumen receiving a distal segment of the catheter 
body has been disclosed in U.S. Patent Nos. 4,610,674 
and 5,466,230, for example. At least the proximal sec- 
tion of the coil spring disclosed in the '230 patent and 
the entire length of the coil spring disclosed in the '674 
patent are embedded within a tubular sheath of the 
strain relief. As noted in the '230 patent, the coil spring 
can either be square or round and formed of a metal or 
plastic material. In both cases, the coil wire diameters 
are constant through the length of the coil spring. 
[001 0] In a further approach, convoluted plastic strain 
reliefs have been incorporated into vascular catheters 
sold by SciMed Life Systems, Minneapolis, MN, (an 
affiliate of Boston Scientific Co.) under the trademarks 
"Cyber" and "Wiseguide". In these SciMed Cyber and 
Wiseguide guide catheters, the strain relief takes the 
form of a series of rings formed around the catheter 
body and extending along a proximal segment thereof 
that have ring diameters that decrease distally. The 
rings are spaced apart from one another but connected 
with one another at points, e.g., at 180°, around the cir- 
cumference of the catheter body by bridging elements. 
The strain relief thus resembles a common strain relief 
used on computer keyboard cables. This type of strain 
relief does not afford a uniform degree of flexion and 
kinking resistance around the entire 360° circumference 
of the catheter body surrounded by it. The bridging ele- 
ments distort the bending flexibility so that the strain 



relief bends more readily when bent at 90° to each such 
bridging elements. 

[0011] It is therefore well known that the catheter 
hub/body junction is highly susceptible to strain due to 
intentionally or inadvertently applied bending forces and 
that a wide variety of strain reliefs have been employed 
in the attempt to address this problem. Despite the con- 
siderable effort in designing strain reliefs at the catheter 
hub/body junction, problems still occur with kinking of 
the catheter body either within the length of the strain 
relief or just distally to the distal strain relief end. 
[001 2] K is an object of the invention to provide a uni- 
tary catheter hub and strain relief that overcomes these 
problems, and provides superior and uniform flexibility 
and resulting bending characteristics around the full 
360° circumference of the catheter body at all points 
along the length of the strain relief. 
[001 3] It is a further object of the invention to provide 
such a unitary catheter hub and strain relief that can be 
readily tailored in dimensions and flexibility and bending 
characteristics to match the construction, dimensions 
and bending and crush resistance characteristics of the 
catheter body. 

[0014] It is yet another object of the invention to pro- 
vide superior adhesion between the unitary catheter 
hub and strain relief and the outer surface of the cathe- 
ter body along the length of the catheter hub/body junc- 
tion. 

[001 5] It is a still further object of the invention to pro- 
vide a unitary catheter hub and strain relief that is inex- 
pensive to manufacture. 

[001 6] These and other objects of the present inven- 
tion are realize, according to a first aspect, by providing 
a medical vascular catheter adapted to be inserted into 
a blood vessel from an incision through the skin of a 
patient for introducing other devices or fluids for diag- 
nostic or therapeutic purposes into the patient's vascu- 
lature comprising: 

an elongate catheter body enclosing a catheter 
lumen and extending between a catheter body 
proximal end and a catheter body distal end, the 
catheter body having a catheter body side wall 
formed at least in part of a thermoplastic material; 
and 

a unitary catheter hub and strain relief formed of a 
thermoplastic hub material receiving and adhered 
to a proximal portion of said catheter body in an 
elongate catheter hub/body junction thereof, said 
unitary catheter hub and strain relief having a prox- 
imal hub portion and a strain relief coil formed inte- 
grally with a distal end of said proximal hub portion 
and extending distally therefrom in a coil length 
between a proximal strain relief coil end and a distal 
strain relief coil end and surrounding a strain relief 
coil lumen receiving said proximal portion of said 
catheter body, said proximal hub portion having a 
distal hub lumen portion aligned axially with said 
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strain relief coil lumen for receiving said proximal 
portion of said catheter body in an elongate cathe- 
ter hub/body junction, said strain relief coil formed 
of a plurality of spiral turns separated from one 
another by an interleaved spiral-shaped spacing 
and providing a uniform bending flexibility through 
the 360° circumference of the catheter body that 
increases distally through the length of said strain 
relief coil. 

[0017] According to a second aspect, there is pro- 
vided a method of forming a unitary catheter hub and 
strain relief at the proximal end of a medical vascular 
catheter adapted to be inserted into a blood vessel from 
an incision through the skin of a patient for introducing 
other devices or fluids for diagnostic or therapeutic pur- 
poses into the patient's vasculature, said catheter hav- 
ing an elongate catheter body formed of a thermoplastic 
material and enclosing a catheter lumen and extending 
between a catheter body proximal end and a catheter 
body distal end, comprising the steps of: 

providing an injection mold having a mold cavity 
and a tubular mandrel for receiving and supporting 
a proximal portion of said catheter body centrally 
disposed in said mold cavity, said mold cavity 
shaped in a proximal cavity hub body section 
thereof in the outline of a proximal hub portion and 
shaped in a distal cavity spiral turn section thereof 
in the outline of a strain relief coil extending distally 
from the proximal cavity section, said distal cavity 
spiral turn section providing a spiral shaped heating 
element of heating element turns; 
inserting a distal portion of said mandrel into said 
catheter lumen in said proximal portion of said cath- 
eter body; 

positioning said tubular mandrel and said proximal 
portion of said catheter body within said moid cavity 
with said spiral shaped heating element of heating 
element turns bearing against the outer surface of 
said catheter body; 

preheating said spiral shaped heating element of 
heating element turns to apply heat to the catheter 
body and soften said thermoplastic material of said 
catheter body; and 

filling said mold cavity with a molten thermoplastic 
materia] selected to form a bond with said softened 
catheter body thermoplastic material to thereby 
form said unitary catheter hub and strain relief 
about said outer surface of said catheter body in an 
elongate catheter hub/body junction and providing 
a uniform bending flexibility of said strain relief coil 
around the 360° circumference of the catheter body 
that increases distally through the length of said 
strain relief coil. 

[0018] The proximal portion of said catheter body is 
preferably formed of an outer tubular sheath, an inner 



tubular sheath, and a wire braid tube sandwiched 
between the outer and inner tubular sheaths and has a 
side wall crush resistance of about 0.9 - 3.2 kg (2-7 
pounds). 

s [0019] The unitary catheter hub and strain relief is 
preferably formed by injection molding of a thermoplas- 
tic material around the proximal portion of the catheter 
body. The thermoplastic materials of the unitary cathe- 
ter hub and strain relief and the outer tubular sheath of 

10 the catheter body are selected to be compatible with 
one another and to form a bond during the injection 
molding process. The proximal portion of the catheter 
body is supported within and preheated in the injection 
mold to soften or melt the outer layer or sheath thereof. 

is The injected thermoplastic material and the melted or 
softened material of the outer layer or sheath then form 
a bond having high adhesion strength and resistance to 
axially applied forces after the injected material solidi- 
fies and the assembly is removed from the injection 

20 mold. 

[0020] The progressive or graduated distally increas- 
ing flexibility through the length of the strain relief coil is 
effected by the pitch and distally decreasing outer diam- 
eter of the strain relief coil but can also be effected by 

25 molding the strain relief coil of blends of selected ther- 
moplastic materials exhibiting progressively decreasing 
Shore D hardness distally from the integral junction with 
said proximal hub portion. The hardness of the thermo- 
plastic material forming the catheter hub and strain 

30 relief is preferably greater than or equal to that of the 
material forming the outer tubular sheath. 
[0021] The practice of the method of the present 
invention forming the unitary catheter hub and strain 
relief around the catheter body along the length of the 

35 catheter hub/body junction in a single molding step 
reduces fabrication costs and provides for enhanced 
adhesion therebetween. Small scale injection molding 
techniques can be advantageously employed that 
reduce the manufacturing equipment cost and the 

40 space required to complete the fabrication of the unitary 
catheter hub and strain relief about the catheter body. 
[0022] The enhanced adhesion particularly in the spi- 
ral surface junction of the strain relief coil with the outer 
surface or layer of the catheter body increases the 

45 amount of axial force required to be applied along the 
longitudinal axis of the catheter body to pull it out of the 
lumen of the unitary catheter hub and strain relief. Such 
longitudinal ("pulling") forces can arise during the use of 
a catheter through any number of commonly occurring 

50 accidents or mishaps, and can lead to disastrous con- 
sequences for a patient who may heavily rely on the 
proper functioning of the catheter. 
[0023] The unitary catheter hub and strain relief 
molded about the proximal portion of the catheter body 

55 provides superior and uniform flexibility and resulting 
bending characteristics around the full 360° circumfer- 
ence of the catheter body at ail points along the length 
of the strain relief. 
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[0024] The unitary catheter hub and strain relief of the 
present invention can be readily tailored in dimensions 
and flexibility and bending characteristics to match the 
construction, dimensions and bending and crush resist- 
ance characteristics of the catheter body. The overall 5 
length of the molded strain relief coil can be minimized 
while providing the superior and uniform bending char- 
acteristics about the full circumference of the catheter 
body 

[0025] Moreover, through the selection of the pitch 
and dimensions of the strain relief coil, graduated bend- 
ing flexibility that increases distally can be effected 
along the length of the catheter hub/body junction within 
the strain relief coil lumen. 

[0026] In addition, bending characteristics of the strain 
relief coil and flexibility of the hub portion can be tailored 
through the selective use of differing Shore hardness 
thermoplastic material blends to mold the strain relief 
coil and the hub portion. 

[0027] Preferred embodiments of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings. 

FIG. 1 is a plan view of an exemplary medical vas- 
cular catheter constructed with the unitary catheter 
hub and strain relief in accordance with a preferred 
embodiment of the invention; 
FIG. 2 is an enlarged cross-section view of the uni- 
tary catheter hub and strain relief adhered with a 
proximal segment of the catheter body taken along 
lines 2-2 in FIG. 1; 

FIG. 3 is an enlarged cross-section view of the 
catheter body taken along lines 3-3 in FIG. 1 ; 
FIG. 4 is a perspective view of a section of the cath- 
eter body peeled back to reveal an inner tubular 
sheath, an outer tubular sheath and a wire braid 
tube sandwiched between the inner and outer tubu- 
lar sheathes; 

FIG. 5 is an magnified view of the wire braid of the 
wire braid tube of FIG. 4; 

FIG. 6 is an enlarged plan view of the unitary cath- 
eter hub and strain relief of the preferred embodi- 
ment; 

FIG. 7 is an end view of the hub portion of the uni- 
tary catheter hub and strain relief of the preferred 
embodiment; and 

FIG. 8 schematically illustrates an exemplary 
method of manufacturing the unitary catheter hub 
and strain relief of the preferred embodiment over 
and adhered with the proximal segment of the cath- 
eter body. 

[0028] The present invention provides an improved 
construction for catheters of the type having an elon- 
gate catheter body with at least one catheter lumen 
extending from the catheter body proximal end to a 
catheter body distal end thereof. Such constructions are 
particularly useful for forming medical vascular cathe- 
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ters in a wide range of catheter body lengths and outer 
diameters. Such catheters include small diameter vas- 
cular catheters, having catheter body outside diameters 
of 4 mm (1 2 F) preferably below 2.67 mm (8 F), and fre- 
quently as small as 1 mm (3 F), and below, such as 
those used in neurological diagnostic and interventional 
procedures. Such small diameter vascular catheters will 
also be useful for other procedures, such as gynecolog- 
ical procedures, cardiac procedures, general interven- 
tional radiology procedures, and the like, for access to 
the small vasculature as necessary. Constructions of 
the present invention, however, are not limited to such 
small diameter catheters, and will be useful for larger 
diameter catheters as well, such as vascular guiding 
catheters and PTCA balloon catheters which may have 
outside diameters larger than 4 mm. 
[0029] Medical vascular catheters according to the 
present invention will comprise a catheter body having 
dimensions, a particular side wall construction and a 
geometry selected for the intended use. The catheter 
body will typically have a length in the range from about 
40 cm to 200 cm, usually having a length in the range 
from about 60 cm to 175 cm. The outside diameter of 
the catheter body will typically be in the range from 
about 0.33 mm (1 F) to 4 mm (1 2 F), usually being in the 
range from about 0.66 mm (2 F) to about 3.33 mm (10 
F). The catheter body will define an inner lumen typi- 
cally having a diameter in the range from about 0.1 mm 
to 3.6 mm, usually being in the range from about 0.3 
mm to 3.0 mm, with catheters having larger outside 
diameters usually having larger catheter lumen diame- 
ters. 

[0030] FIG. 1 is a plan view of an exemplary medical 
vascular catheter 10 constructed with the unitary cathe- 
ter hub and strain relief 60 receiving the catheter body 
15 and attached to the catheter body proximal end 55 
as shown in FIG. 2 in accordance with a preferred 
embodiment of the invention 

[0031] The catheter body 15 will usually be straight 
along all or most of its length, that is it will assume a 
straight or linear configuration, when free from external 
bending forces. The catheter body 15, however, will be 
highly flexible so that it will be able to pass through the 
tortuous regions of a patient's vasculature. In some 
cases, the catheter body 15 may have a shaped distal 
end segment including curves and bends which are 
selected to facilitate introduction and placement of the 
catheter 10 (usually over a separate guide wire) in the 
vascular system. A particular geometry of curves and/or 
bends may be selected to accommodate the intended 
use of the catheter 10. 

[0032] In one typical application of the invention, the 
catheter body 15 will usually include at least two. and 
sometimes three or more distinct segments or regions, 
with each segment having a different construction 
resulting in different mechanical properties. A proximal 
region 30 may extend from the catheter body proximal 
end 55 to a location spaced within 20 cm of the catheter 
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body distal end 50, usually from 2 cm to 6 cm of the 
catheter body distal end 50. The proximal region 30 will 
have the maximum reinforcement of the catheter body 
15, thus having most column strength and hoop 
strength, but the least flexibility. In accordance with the 
three region embodiment, the proximal region 30 is 
formed of the inner tubular sheath 125, outer tubular 
sheath 130 and a wire braid tube 135 sandwiched 
between the inner and outer tubular sheathes 125 and 
1 30 as described below. 

[0033] fn the three region embodiment, a transition 
region 35 is located immediately distally of the proximal 
region 30 and extends to a location spaced within 30 cm 
of the catheter body distal end 50, usually from 1 cm to 
3 cm of the catheter body distal end 40. The transition 
region 35 has an intermediate level reinforcement pro- 
viding an intermediate level of column strength, hoop 
strength, and flexibility. A distal "soft tip" region 40 
extends distally from the transition region 35, and is 
composed of a soft, un-reinforced material. The distal 
soft tip may be formed in the manner described in the 
above-mentioned, commonly assigned U.S. Patent No. 
5,509,910. The distal region 40 will generally be rela- 
tively short, typically having a length in the range from 
about 1 .0 mm to 3.0 cm, and will have the greatest flex- 
ibility of the three regions of the catheter body 15. In a 
first alternative embodiment, the transition region 35 is 
eliminated, and the distal soft tip region is formed as 
described above. 

[0034] A preferred embodiment of the construction of 
the catheter body 15 is depicted in FIGs. 3-5. The cath- 
eter body 12 is preferably formed in the manner taught 
in commonly assigned U.S. Patent Nos. 5, 566,659 and 
5,509, 910. In accordance with the preferred embodi- 
ment of the invention, at least the proximal region is 
formed of an outer tubular sheath 130, an inner tubular 
sheath 125 and a wire braid tube 135 sandwiched 
between the outer and inner tubular sheathes 130 and 
125. 

[0035] Typically, the inner tubular sheath 125 is 
formed from a single material, preferably a lubricious 
polymer, such as a fluorocarbon (e.g., polytetrafluor- 
oethylene (PTFE)), a polyamide (e.g.. nylon), polyether 
block copotyamides (PEBA), a polyolefin, a polyimtde, 
or the like. It would also be possible to form the inner 
tubular sheath 125 as a laminate structure comprising a 
non-iubricious outer layer and an inner lumen surround- 
ing layer or coating of a more lubricious material. 
[0036] The wire braid tube 135 comprises "warp" and 
"woof wire filament pairs 140 and 145 braided in a fab- 
ric basket weave pattern wound to form a tube. The wire 
braid tube 135 may be woven directly, over the inner 
tubular sheath 125 using conventional fabric weaving 
techniques. Or, the wire braid tube 135 may be woven 
over a mandrel using conventional braiding techniques 
and then fitted over the inner tubular sheath 125, In 
either case, the outer tubular sheath 130 is then fitted 
over the wire braid tube 1 35. The wire filament pairs 1 40 



and 145 have a very small cross-sectional area while 
possessing sufficient tensile strength to undergo the 
braiding process. 

[0037] Preferably, round wire filaments of stainless 

5 steel, a shape memory alloy (e.g., Nitinol). polymeric 
fibers, or the like, are used. Stainless steel filaments 
having a round cross-section with a diameter in the 
range from 0.025 to 0.25 mm (0.001 inch to 0.01 inch), 
preferably about 0.575 mm (0.023 inches) are particu- 

10 larly preferred. Such small filaments can be formed into 
the wire braid tube 135 over a tubular support member 
in a conventional one-over-one or two-over-two braid 
pattern, with the machine being carefully adjusted to 
avoid excessive tensile forces on the filaments. 

is [0038] The outer tubular sheath 130 is preferably 
formed of a variety of materials, preferably being com- 
posed of a soft thermoplastic material having a hard- 
ness in the range from 30 Shore A to 72 Shore D. 
Exemplary materials include polyamide polyether block 

20 copolyamides (PEBA), polyurethanes. silicone rubbers, 
nylons, polyethylenes, fluorinated hydrocarbon poly- 
mers, and the like. 

[0039] A proximal region 30 of the catheter body 15 
constructed in this manner having an outer diameter of 

25 about 2.65 mm (0.106 inches) and a catheter lumen 
inner diameter of about 2.2 mm (0.088 inches) has a 
hoop strength or crush resistance to a load of 0.9 - 3.2 
kg (2-7 pounds) applied perpendicular to its longitudinal 
axis. The catheter body also exhibits an elastic modulus 

30 of between 1 93 MPa and 276 MPa (28, 000 psi and 40. 
000 psi) under standard axial load conditions. The cath- 
eter body formed of the outer, inner and wire braid inter- 
mediate sheathes also has a kink resistance which 
enables it to withstand a load of 0.23 kg (0.5 pounds) 

35 moment weight for a minimum deflection of 30° before 
the side wall kinks. 

[0040] Referring again to FIGs. 1 and 2. the catheter 
10 constructed in accordance with the principles of the 
present invention includes the unitary catheter hub and 

40 strain relief 60 that receives and is attached with a prox- 
imal segment of the catheter body 15. The proximal 
segment extends distally from the catheter body proxi- 
mal end 55 through and defining the length of a catheter 
hub/body junction 70. The unitary catheter hub and 

45 strain relief 60 is injection molded as a single piece over 
the catheter hub/body junction 70 as described below in 
reference to FIG. 8. The unitary catheter hub and strain 
relief 60 is formed of a proximal hub portion 90 that is 
integrally connected to the proximal strain relief coil end 

so 75 of the strain relief coil 65. The strain relief coil 65 is a 
continuous coil of constant or variable pitch having coil 
turns that decrease in diameter from the proximal strain 
relief coil end 75 to the distal strain relief coil end 80. 
[0041 ] The turns of the strain relief coil 65 are prefer- 

55 ably molded over a distal portion of exterior surface of 
the catheter body 15 in the catheter hutVbody junction 
70 and adhered in a spiral pattern to the exterior surface 
of the catheter body. In this manner, a strain relief coil 
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lumen 85 is effectively formed because the distal por- 
tion of exterior surface of the catheter body 15 extend- 
ing the length of the catheter hub/body junction 70 
functions as a mandrel. 

[0042] The hub portion 90 surrounds and defines a 5 
hub lumen 100 extending from the hub lumen proximal 
end opening 1 05 to the proximal strain relief coil end 75. 
The circular hub lumen 1 00 has a maximum diameter at 
the hub lumen proximal end opening 105 and has a pro- 
gressively decreasing diameter to the proximal end of 
the catheter hub/body junction 70 where the hub lumen 
100 is slightly increased in diameter to that of the outer 
diameter of the catheter body 15. The unitary catheter 
hub and strain relief 60 is injection molded as a single 
piece over a proximal portion of the catheter body 15 in 
the catheter hub/body junction 70. Therefore, the distal 
hub lumen portion 110 of the hub lumen 100 which 
extends over a proximal portion of the catheter 
hub/body junction 70 is filled with the catheter body 15. 
The proximal portion of the hub lumen 100 and the hub 
lumen end opening 105 are formed in the injection 
molding process by use of a mandrel shaped so that an 
annular step or shoulder of a width corresponding to the 
thickness of the catheter body side wall 20 is formed 
abutting the catheter body proximal end 55. In this way, 
the diameter of the hub lumen 100 is made equal to the 
diameter of the catheter lumen 25 at the catheter body 
proximal end 55. In the preferred molding process, the 
material of the Unitary catheter hub and strain relief 60 
is molded over a proximal portion of the catheter body 
15 over the length of the catheter body 15 through the 
catheter hub/body junction 70 by the strong adhesion to 
the exterior surface of the outer tubular sheath 130. This 
adhesion prevents the catheter body 15 from being 
pulled away from the unitary catheter hub and strain 
relief 60 by longitudinally applied force. 
[0043] FIGs. 6 and 7 more clearly reveal details of the 
shape of the unitary catheter hub and strain relief 60. 
The hub portion 90 includes the hub fitting 95 which is a 
standard, threaded ISO 594-1/2 fitting for attaching a 
variety of devices to it. The circular hub lumen end 
opening 105 is also adapted to receive a syringe needle 
or the like. A pair of oppositely disposed hub flats 1 15 
and 120 are provided for grasping the unitary catheter 
hub and strain relief 60 during introduction and manipu- 
lation as described above. It will be understood that the 
depicted hub portion 90 and hub fitting 95 are simply 
exemplary, and that they may take any of the known 
forms and shapes for medical vascular catheters. 
[0044] The spiral strain relief coil 65 and a distal por- 
tion of the exterior surface of the hub portion 90 have a 
circular profile and are tapered distally at a common 
angle of 2.5° - 3.5° with respect to the aligned longitudi- 
nal axes of hub lumen 100 and strain relief coil lumen 
85. In addition, the spiral turns 150 of the strain relief 
coil are tapered on each side of each turn at about +/- 
82.5° to the longitudinal axis of the strain relief coil 
lumen 85 to form about a 15° inclusive angle and a trap- 



ezoidal profile in a cross-section view of each spiral 
turn. In this manner, it can be seen that the strain relief 
coil 65 is formed of a plurality of spiral turns 150 sepa- 
rated from one another by an interleaved spiral-shaped 
spacing. The final spiral turn is formed into a ring at the 
distal strain relief coil end 80. 
[0045] Because of the tapered, non-parallel sides of 
the trapezoidal cross-section spiral turns 150, the spiral 
turns have a torsional twist or preload of approximately 
r- 5° along the length of the strain relief coil 65. The 
torsional twist or preload causes the spiral turns 150 to 
become locally strain hardened when a lateral deflec- 
tion or bend is formed in the strain relief coil 65 and the 
underlying catheter body 15 by flexurat displacement of 
the distal strain relief coil end 80. The local strain hard- 
ening increases the flexural stiffness of the strain relief 
coil 65 as the bend is increased by further flexural dis- 
placement of the distal strain relief coil end 80. It is 
believed that the ability of the strain relief coil 65 to 
increase its effective flexural modulus as the lateral 
deflection or bend increases results in improved resist- 
ance to bend kinking in the region of the catheter 
hub/body junction 70 as compared to prior art catheter 
strain reliefs. 

[0046] These angles can be modified as found desir- 
able to impart a bending flexibility to the assembly over 
the length of the catheter hub/body junction 70. The 
width of the spiral coil base adhered to the outer surface 
of the outer tubular sheath 130 can be maintained con- 
stant through the length of the strain relief coil 65 or can 
diminish distally through all or part of the length of the 
strain relief coil 65. Similarly, the coil pitch can be con- 
stant or it can be varied through the length of the strain 
relief coil, thereby stepwise or continuously changing 
the distance between adjacent coil turns. Thus, the flex- 
ibility of the strain relief coil 65 can be increased distally 
by selected adjustments of one or more of these param- 
eters 

[0047] FIG. 8 schematically illustrates an exemplary 
method of molding the unitary catheter hub and strain 
relief 60 of the preferred embodiment over and adhered 
with the proximal catheter hub/body junction 70 in an 
injection mold 155 of a type well known in the art. Injec- 
tion mold 155 is shown in cross-section to reveal the 
mold cavity 165 that is dimensioned in a spiral turn sec- 
tion 205 to receive a proximal portion of the proximal 
region 30 in the distal portion of the catheter hub/body 
junction 70. The spiral turn section is shaped and 
dimensioned as described above to form the spiral 
strain relief coil 65. The mold cavity 165 is also shaped 
in the proximal portion thereof to receive a tubular man- 
drel 160 which is shaped and dimensioned to define the 
hub lumen 100 between the hub lumen end opening 
105 and the catheter body proximal end 55. The distal 
extension 215 of the tubular mandrel 160 is shaped as 
a rod having an outer diameter sized with respect to the 
inner lumen diameter of the catheter lumen 25 so that 
the catheter body 15 can be fitted over it. The distal 
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extension 215 therefore supports the side wall of the 
catheter body during the injection of the thermoplastic 
material and maintains the catheter body 15 centrally 
disposed within the mold cavity 165. The tubular man- 
drel 160 is also supported at its proximal end in each 
half of the injection mold 155 so that it is centrally dis- 
posed in the mold cavity 165. 
[0048] A plurality of sprues 170, 175, 180. 185. 190. 
195 and 200 (or a lesser or greater number of such 
sprues) extend between feed line fittings (not shown) 
outside the mold 155 and to injection ports or gates 
spaced along the mold cavity 165. Smaller sized vents 
(not shown) may also extend through the injection mold 
155 between the mold cavity 165 and the atmosphere to 
allow escape of air in the mold cavity 165 during the 
injection process. Runners may extend between certain 
or all of the sprues 170-200 depending on whether a 
single thermoplastic material is injected or rf differing 
hardness blends of the thermoplastic material are 
selectively injected as described below. 
[0049] The injection mold 155 may be machined of 
two half sections of metal stock in order to form the mold 
cavity 165 and in order to be opened to receive the 
other components illustrated in FIG. 8 and to withdraw 
the finished assembly. In use, the proximal portion of the 
proximal region 30 of the catheter body 15 is fitted over 
the distal extension 215, and the tubular mandrel 160 is 
fitted within mold cavity 165. These components are 
assembled as depicted in FIG. 8 within the mold cavity 
1 65, and the half sections of the mold 1 55 are fitted and 
secured together. 

[0050] The assembled injection mold 1 55 is heated in 
order to preheat the outer surface of the catheter body 
15 so that a secure adhesion is effected with the 
injected thermoplastic material. In this regard, the spiral 
turn section 205 constitutes a continuous spiral mold 
cavity section that receives and distributes the injected 
thermoplastic material to form the strain relief coil 65. 
The spiral turn section 205 also is shaped to form the 
flattened spiral heating element having adjacent heating 
element turns 21 0 that bear against the outer surface of 
the catheter body 15. Heat applied through the heating 
element turns 210 is conducted through the catheter 
body 15 between each adjacent heating element turn 
210. The applied heat softens or melts the outer surface 
of the catheter body, e.g., the outer tubular sheath 130 
in the preferred embodiment. The plurality of sprues 
170-200 are coupled to a source of molten plastic, and 
the molten plastic is injected at a suitable pressure and 
for a duration sufficient to fill all of the space within the 
mold cavity 165 and any of the vents. Strong adhesion 
of the injected thermoplastic material with the outer sur- 
face of the tubular body 15 is effected. After a short 
cooling period, the mold 155 is opened so that the 
assembly can be manually withdrawn or ejected. The 
tubular mandrel 160 is withdrawn, and the sprue and 
vent runners are trimmed away. Of course the compo- 
nent assembly, injection and ejection steps of the proc- 



ess can be automated. 

[0051] In this manner, the spiral strain relief coil 65 
and the hub portion 90 are formed as the unitary cathe- 
ter hub and strain relief 60 of the preferred embodiment. 

5 The materials that may be injected into the mold cavity 
165 in this manner to form the unitary catheter hub and 
strain relief 60 preferably include the same materials 
that are specified for the outer tubular sheath polyamide 
polyether block copolyamides (PEBA), polyurethanes, 

10 silicone rubbers, nylons, polyethylenes, fluorinated 
hydrocarbon polymers, and the like. Like materials are 
selected that melt together to form the strong bond 
between unitary catheter hub and strain relief 60 includ- 
ing the strain relief coil 65 with the catheter body 15 

75 along the length of the catheter hub/body junction 70. 
[0052] Although a single thermoplastic material is 
preferably used in the formation of the preferred embod- 
iment, it will be understood that materials that are com- 
patible with one another but have differing degrees of 

20 hardness may be injection molded into the sprues 1 70- 
200. In the case where VESTAMID E Series polyether 
block copolyamides (PEBA) supplied by HULS AMER- 
ICA, Inc., are employed, a series of PEBA blends (VES- 
TAMID E Series) are available in 35 D, 40D. 55D. 63D. 

25' 70D, and 72D, Shore hardness, for example. The per- 
formance characteristics of these thermoplastic elas- 
tomers rank between the performance of relatively soft 
and flexible synthetic rubber and relatively hard and 
rigid Nylon 12 

30 [0053] For example, a softer or more flexible material , 
e.g., a Shore 35 D, Shore 40 D or Shore 55D PEBA can 
be injected through the sprues 180-190 to customize 
the flexibility of the strain relief coil 65. A second, harder 
material, e.g., Shore 63 D PEBA or Shore 70 D PEBA 

35 can be injected through the sprues 1 70 and 1 75 to form 
the hub portion 90 with desirable dimensional stability 
and hardness particularly at the hub fitting 95 
[0054] Moreover, the two materials may be blended 
together to provide a progressively increasing flexibility 

40 extending distafly through the length of the strain relief 
coil 65. The softest blend, e.g., Shore 35 PEBA can be 
injected through distal sprue 180, a harder blend, e.g., 
Shore 55 PEBA can be injected through proximal sprue 
190, and an intermediate blend, e.g., Shore 40 PEBA, 

45 or another blend can be injected through the intermedi- 
ate sprue 1 85. In addition, the compatible thermoplastic 
materials of differing hardness can be injected through 
sprues 170, 175 and 195, 200. An intermediate hard- 
ness blend, e.g. Shore 55 or Shore 63 PEBA can be 

so injected through sprues 170, 175 to form the solid, 
tapered proximal portion of the catheter hub/body junc- 
tion 70 and proximally toward the hub fitting 95. The 
hardest Wend, e.g., Shore 70 or 72 PEBA can be 
injected through the sprues 1 95 and 200 to form the hub 

55 fitting 95 to assure its dimensional rigidity for fitting with 
other equipment and providing a dimensionally stable 
hub lumen end opening 105. 

[0055] These mixtures of thermoplastic materials and 
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blends thereof can all be of the same color or be of dif- 
fering colors to show the distaJly increasing or gradu- 
ated softness and distally increasing flexibility of the 
unitary catheter hub and strain relief 60, particularly 
along the length of the catheter hub/body junction 70. 5 
[0056] The above described method and a single ther- 
moplastic material (VESTAMID E40-S3) of modulus 689 
MPa (100,000 psi) (approximately) was employed to 
form a unitary catheter hub and strain relief 60 on a 
catheter body 15 as described above and depicted in 
the figures. The overall length of the unitary catheter 
hub and strain relief 60 is about 50.6 mm (2.024 
inches), including a strain relief coil length of about 16.1 
mm (0.644 inches) and a catheter hub/body junction 70 
length of about 25.85 mm (1.034 inches). The proximal 
and distal spiral coil diameters are about 6.45 mm 
(0.258 inches) and about 4.75 mm (0.190 inches), 
respectively. The catheter body 15 is formed as 
described above in reference to FIGs. 3-5 having an 
outer diameter of about 1.5 mm (0.106 inches) and a 
hoop strength of about 1 .8 kg (four pounds). The adja- 
cent spiral coil turns 150 of the spiral strain relief coil 65 
were spaced from one another and adhered to the exte- 
rior surface of the outer tubular sheath 125 of the cath- 
eter body 15. 

[0057] The use of the materials identified above and 
the spiral coil shape of the strain relief coil 65 provide 
the ability to bend the strain relief coil 65 and the under- 
lying catheter body 15 into an arc of 180° over the 
length of the catheter hub/body junction 70 and a further 
exposed length of about 25 mm (one inch) of the proxi- 
mal region 30 before a kink was induced. This repre- 
sents an improvement of about 90% - 100% of the 
bending arc achieved using a like dimensioned strain 
relief formed of a constant diameter tube formed of pol- 
yvinyl chloride. 

[0058] The use of the strain relief coil 65 with spaced 
coil turns of a single coil decreasing in diameter distally 
provides superior flexibility and increases resistance to 
kinking of the catheter body 15 over the catheter 
hub/body junction 70 and distally to the distal strain 
relief coil end 80. The flexibility is uniform around the full 
360° circumference of the catheter body at all points 
along the length of the strain relief coil 65. 
[0059] The injection method of the present invention 
also eliminates the need to separately fabricate, assem- 
ble and glue the parts of the hub and strain relief to the 
catheter body proximal end. However, it will be under- 
stood that many of the performance advantages of the 
unitary catheter hub and strain relief 60 can also be 
achieved by injection molding the unitary catheter hub 
and strain relief 60 as a separate piece and attaching it 
to the proximal portion of the catheter body 15 as illus- 
trated in FIG. 2. In this manufacturing method, a straight 
mandrel of slightly larger diameter can be substituted 
for the catheter body 1 5 within the mold cavity 1 65 while 
the molten material is injected. The straight mandrel can 
then be withdrawn after the molded unitary catheter hub 



and strain relief 60 is ejected resulting in the strain relief 
coil lumen 85 and a lumen extending proximally through 
the length of the catheter/hub body junction 70. The 
catheter body proximal end 55 is inserted into that 
lumen and adhesive or heat may be applied to retain it 
therein. 

[0060] However, this approach does not offer the cost 
reduction advantages attendant to molding the unitary 
catheter hub and strain relief 60 over the proximal por- 
tion of the catheter body 15 as described above in refer- 
ence to FIG. 8. 

[0061] It will also be understood that the strain relief 
coil 65 can be manufactured by any of the above 
described methods to have a wide range of lengths and 
coil turns and tapers. In addition, although only a single 
lumen medical vascular catheter 10 is described and 
depicted in the drawings, it will be understood that the 
present invention may be practiced and implemented to 
provide such a strain relief for a wide variety of such 
catheters. For example, the present invention may be 
practiced and implemented to provide such a strain 
relief coil in substitution for the stain reliefs incorporated 
in the above-described prior art catheters although not 
all of the benefits of the preferred embodiment may be 



A medical vascular catheter (10) adapted to be 
inserted into a blood vessel from an incision 
through the skin of a patient for introducing other 
devices or fluids for diagnostic or therapeutic pur- 
poses into the patient's vasculature comprising: 

an elongate catheter body (15) enclosing a 
catheter lumen (25) and extending between a 
catheter body proximal end (55) and a catheter 
body distal end (50), the catheter body having 
a catheter body side wall (20) formed at least in 
part of a thermoplastic material; and 
a unitary catheter hub and strain relief (60) 
formed of a thermoplastic hub material receiv- 
ing and adhered to a proximal portion of said 
catheter body in an elongate catheter hub/body 
junction (70) thereof, said unitary catheter hub 
and strain relief having a proximal hub portion 
and a strain relief coil (65) formed integrally 
with a distal end of said proximal hub portion 
and extending distally therefrom in a coil length 
between a proximal strain relief coil end and a 
distal strain relief coil end and surrounding a 
strain relief coil lumen (85) receiving said prox- 
imal portion of said catheter body, said proxi- 
mal hub portion having a distal hub lumen 
(100) portion aligned axially with said strain 
relief coil lumen (85) for receiving said proximal 
portion of said catheter body in an elongate 
catheter hub/body junction (70), said strain 



10 



15 



20 



25 reali 
Clal 
1. 

30 



35 



40 



45 



50 



55 



9 



17 



EP0 937 480A1 



18 



relief coil formed of a plurality of spiral turns 
separated from one another by an interleaved 
spiral-shaped spacing and providing a uniform 
bending flexibility through the 360° circumfer- 
ence of the catheter body that increases dis- 
tally through the length of said strain relief coil 
(65). 

2. The medical vascular catheter of Claim 1 , wherein 
said proximal portion of said catheter body has a 
side wall crush resistance of 0.9 - 3.2 kg (2-7 
pounds). 

3. The medical vascular catheter of Claim 1 or 2, 
wherein said proximal portion of said catheter body 
is formed of an outer tubular sheath (130), an inner 
tubular sheath (125) and a wire braid tube (135) 
sandwiched between the outer and inner tubular 
sheaths. 

4. The medical vascular catheter of Claim 3, wherein 
said outer tubular sheath (130) is formed of a ther- 
moplastic material selected from the group com- 
prising polyamides, polyether block copolyamides 
(PEBA), polyurethanes, silicone rubbers, nylons, 
polyethylenes, and fluorinated hydrocarbon poly- 
mers having a first Shore hardness. 

5. The medical vascular catheter of Claim 4, wherein: 

said unitary catheter hub and strain relief (60) 
is formed of a thermoplastic material selected 
from said group comprising polyamides, poly- 
ether block copolyamides (PEBA), poly- 
urethanes, silicone rubbers, nylons, 
polyethylenes. fluorinated hydrocarbon poly- 
mers, the selected thermoplastic material hav- 
ing the capability of thermally bonding with the 
thermoplastic material selected to form the 
outer tubular sheath (130). 

6. The medical vascular catheter of Claim 5. wherein 
the selected thermoplastic material used to form 
said unitary catheter hub and strain relief (60) has a 
second Shore hardness that equals or exceeds 
said first Shore hardness. 

7. The medical vascular catheter of Claim 4, wherein: 

said strain relief coil (65) is formed of a thermo- 
plastic material selected from said group com- 
prising polyamides, polyether block 
copolyamides (PEBA), polyurethanes, silicone 
rubbers, nylons, polyethylenes, fluorinated 
hydrocarbon polymers, the selected thermo- 
plastic material having the capability of ther- 
mally bonding with the thermoplastic material 
selected to form the outer tubular sheath (130), 



said selected thermoplastic material used to 
form said strain relief coil having a Shore hard- 
ness equaling or exceeding said first Shore 
hardness; and 

5 said proximal hub portion is formed integrally 

with said strain relief coil (65) and of said 
selected material used to form said strain relief 
coil but having a third Shore hardness exceed- 
ing said second Shore hardness, whereby said 

10 proximal hub portion is harder and more rigid 

than said strain relief coil. 

8. The medical vascular catheter of Claim 1 or 2, 
wherein said proximal portion of said catheter body 

is (15) is formed of a thermoplastic material selected 
from the group comprising polyamides, polyether 
block copolyamides (PEBA), polyurethanes, sili- 
cone rubbers, nylons, polyethylenes, and fluori- 
nated hydrocarbon polymers having a first Shore 

20 hardness. 

9. The medical vascular catheter of Claim 8, wherein : 

said unitary catheter hub and strain relief (60) 
25 is formed of a thermoplastic material selected 

from said group comprising polyamides, poly- 
ether block copolyamides (PEBA), poly- 
urethanes. silicone rubbers, nylons, 
polyethylenes, fluorinated hydrocarbon poly- 
30 mens, the selected thermoplastic material hav- 

ing the capability of thermally bonding with the 
thermoplastic material selected to form the 
proximal portion of said catheter body (15). 

35 10. The medical vascular catheter of Claim 9, wherein 
said unitary catheter hub and strain relief (60) is 
formed of a thermoplastic material having a second 
Shore hardness that equals or exceeds said first 
Shore hardness. 

40 

11. The medical vascular catheter of Claim 1 or 2, 
wherein: 

said proximal portion of said catheter body (1 5) 
45 is formed of a thermoplastic material selected 

from the group comprising polyamides, poly- 
ether block copolyamides (PEBA), poly- 
urethanes, silicone rubbers, nylons, 
polyethylenes, fluorinated hydrocarbon poly- 
50 mers having a first Shore hardness; 

said strain relief coil (65) is formed of a thermo- 
plastic material selected from said group com- 
prising polyamides, polyether block 
copolyamides (PEBA), polyurethanes, silicone 
55 rubbers, nylons, polyethylenes, fluorinated 

hydrocarbon polymers, the selected thermo- 
plastic material having the capability of ther- 
mally bonding with the thermoplastic material 
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selected to form the proximal portion of said 
catheter body, said selected thermoplastic 
material used to form said strain relief coil hav- 
ing a Shore hardness equaling or exceeding 
said first Shore hardness; and 5 
said proximal hub portion is formed integrally 
with said strain relief coil and of said selected 
material used to form said strain relief coil but 
having a third Shore hardness exceeding said 
second Shore hardness, whereby said proxi- 10 
mal hub portion is harder and more rigid than 
said strain relief coil (65). 

12. The medical vascular catheter of any preceding 
Claim, wherein said strain relief coil (65) has a pro- is 
gressively increasing flexibility extending distally 
through said coil length of said strain relief coil from 
said proximal hub portion to said distal strain relief 
coil end. 

20 

13. The medical vascular catheter of Claim 12, wherein 
said progressively increasing flexibility is effected at 
least in part by forming said strain relief coil of 
blends of said selected one of said thermoplastic 
materials exhibiting progressively decreasing 25 
Shore hardness distally from the integral junction 
with said proximal hub portion. 

14. The medical vascular catheter of Claim 12 or 13, 
wherein said strain relief coil has a plurality of spiral 30 
turns having outer diameters that decrease from 
the junction with said proximal hub portion and the 
distal strain relief coil end. 



turns (210); 

inserting a distal portion of said mandrel (160) 
into said catheter lumen (25) in said proximal 
portion of said catheter body; 
positioning said tubular mandrel and said prox- 
imal portion of said catheter body within said 
mold cavity (165) with said spiral shaped heat- 
ing element of heating element turns (210) 
bearing against the outer surface of said cathe- 
ter body (15); 

preheating said spiral shaped heating element 
of heating element turns to apply heat to the 
catheter body and soften said thermoplastic 
material of said catheter body; and 
filling said mold cavity (165) with a molten ther- 
moplastic material selected to form a bond with 
said softened catheter body thermoplastic 
material to thereby form said unitary catheter 
hub and strain relief (60) about said outer sur- 
face of said catheter body in an elongate cath- 
eter hub/body junction (70) and providing a 
uniform bending flexibility of said strain relief 
coil around the 360° circumference of the cath- 
eter body that increases distally through the 
length of said strain relief coil (65). 

1 6. The method of Claim 1 5 wherein said catheter body 
is formed at least in an outer layer thereof of a ther- 
moplastic material selected from the group com- 
prising polyamides, polyether block copolyamides 
(PEBA), polyurethanes, silicone rubbers, nylons, 
polyethylenes, and fluorinated hydrocarbon poly- 
mers having a first Shore hardness. 
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15. A method of forming a unitary catheter hub and 
strain relief at the proximal end of a medical vascu- 
lar catheter adapted to be inserted into a blood ves- 
sel from an incision through the skin of a patient for 
introducing other devices or fluids for diagnostic or 
therapeutic purposes into the patient's vasculature, 
said catheter having an elongate catheter body (15) 
formed of a thermoplastic material and enclosing a 
catheter lumen (25) and extending between a cath- 
eter body proximal end (55) and a catheter body 
distal end (50), comprising the steps of: 

providing an injection mold (1 55) having a mold 
cavity (165) and a tubular mandrel (160) for 
receiving and supporting a proximal portion of 
said catheter body centrally disposed in said 
mold cavity, said mold cavity shaped in a proxi- 
mal cavity hub body section thereof in the out- 
line of a proximal hub portion and shaped in a 
distal cavity spiral turn section (205) thereof in 
the outline of a strain relief coil extending dis- 
tally from the proximal cavity section, said distal 
cavity spiral turn section providing a spiral 
shaped heating element of heating element 



17. The method of Claim 16 wherein said filling step 
further comprises the step of: 

filling said mold cavity (165) with a molten ther- 
moplastic materia] selected from said group 
comprising polyamides, polyether block copol- 
yamides (PEBA), polyurethanes, silicone rub- 
bers, nylons, polyethylenes, fluorinated 
hydrocarbon polymers, the selected thermo- 
plastic material having the capability of ther- 
mally bonding with the thermoplastic material 
selected to form said outer layer of said cathe- 
ter body. 

1a The method of Claim 15, 16 or 17 wherein: 

said providing step further comprises providing 
a plurality of spiral turn injection sprues (170- 
200) through said injection mold to a plurality of 
points along said distal cavity spiral turn sec- 
tion (205); and 

said filling step further comprises injecting 
blends of said selected thermoplastic material 
having differing Shore hardness when cured 
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into selected ones of said spiral turn injection 
sprues such that said strain relief coil (65) has 
a progressively increasing flexibility extending 
distally through the length of the strain relief 
coil from said proximal hub portion which is 5 
effected at least in part by forming said strain 
relief coil of blends of said selected one of said 
thermoplastic materials exhibiting progres- 
sively decreasing Shore hardness distally from 
the integral junction with said proximal hub por- w 
tion. 



19. The method of Claim 18 for forming said medical 
vascular catheter wherein: 



said filling step further comprises the steps of: 



15 



said providing step further comprises providing 
a plurality of hub portion injection sprues (170- 
1 75) through said injection mold to a plurality of 
points along said proximal cavity hub body sec- 
tion; and 20 
said filling step further comprises the step of 
injecting a blend of said selected thermoplastic 
material through said hub portion sprues hav- 
ing a Shore hardness exceeding the Shore 
hardness of the blends of said selected ther- 25 
moplastic material injected into said selected 
ones of said spiral turn injection sprues (180- 
190), whereby said proximal hub portion is 
harder and more rigid than said strain relief coil 
when cured. 30 

20. The method of Claim 15, 16 or 17 wherein: 

said providing step further comprises the steps 
of: 35 

providing at least one spiral turn injection 
sprue (170) through said injection mold to 
at least one point along said distal cavity 
spiral turn section; and 40 
providing at least one hub portion injection 
sprue (180) through said injection mold to 
at least one point along said proximal cav- 
ity hub body section; and 



45 



injecting a selected thermoplastic material 
having a first Shore hardness when cured 
into said at least one spiral turn injection so 
sprue to form said strain relief coil; and 
injecting a selected thermoplastic material 
having a second Shore hardness when 
cured into said at least one hub portion 
injection sprue to form said hub portion of 55 
said unitary catheter hub and strain relief 
coil. 
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